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[57) ABSTRACT

A loudspeaker system includes a 10-inch high compli-
ance woofer in a 1.5 cubic foot substantially fluid-tight
enclosure. A pair of smaller speakers functioning as
upper frequency radiators are supported on the top of
the enclosure closely adjacent to the front edge with the
axes of these small loudspeakers subtending an angle of
substantially 90° so that the angle of each axis to the rear
surface of the enclosure is substantially 45°. These small
loudspeakers face the rear of the system, and fiberglass
behind these speakers attenuates back radiation from
them while being transparent to low frequency radia-
tion produced by the woofer so that such radiation does
not deflect the small speakers. The woofer and small
speakers are fed in parallel, the small speakers receiving
their energy through a network that allows increased
transmission with increasing frequency. Both woofer
and small speakers radiate energy over a common mid-
dle frequency range.

28 Claims, 7 Drawing Figures
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1
LOUDSPEAKER SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

L REFERENCE TO PRIOR APPLICATION]

I This application is a continuation-in-part of applica-
tion Ser No. 690,695, filed Dec. 4, 1967, for LOUD-
SPEAKER SYSTEM, now U.S. Pat. No. 3,582,553,
dated June 1, 1971.}

REFERENCE TO PRIOR APPLICATIONS

This reissue application is a continuation of Ser. No.
762,018 filed Jan. 24, 1977, and now abandoned which is
a continuation of Ser. No. 544,963 filed Jan. 29, 1975, and

now abandoned which was a reissue application of U.S.

10

15

Pat. No. 3,727,004 which was a continuation-in-part of 20

application Ser. No. 690,695, filed Dec. 4, 1967, for

LOUDSPEAKER SYSTEM, now US. Pat No.
3,582,553, dated June I, 1971,
BACKGROUND OF THE INVENTION

The present invention relates in general to loud-
speaker systems and more particularly concerns a novel
loudspeaker system characterized by unusually realistic
reproduction of sound at relatively low cost in an at-
tractive package that may be conveniently located in
most listening areas. The present invention represents
an attempt to achieve much of the performance level of
the internationally famous BOSE DIRECT/RE-
FLECTING loudspeaker system.

That system includes eight speakers on a pair of back
panels that each form an angle of about 30° with the
wall upon which the rear speakers direct their sound
and one speaker on the front panel that faces the room.
This arrangement accomplishes two objectives. First, it
radiates the desired ratio of about 8:1 reflected sound to
direct sound. Secondly, by choosing the angles of the
rear panel with the wall of about 30°, the BOSE DI-
RECT/REFLECTING 901 Loudspeaker system
projects the image of a musical performance located on
a stage that is about a foot behind the wall when the
enclosure is about a foot in front of the wall. This ar-
rangement establishes the musical source image to such
an extent that it 1s possible to hear the full stereo spread
from a wide range of listening positions including di-
rectly in front of one enclosure — a feat that was not
possible with conventional speakers.

The BOSE 901 DIRECT/REFLECTING loud-
speaker system also embodies the concept, described in
a paper entitled ON THE DESIGN, MEASURE-
MENT AND EVALUATION OF LOUDSPEAK-
ERS by Dr. A. G. Bose presented at the 1968 Conven-
tion of the Audio Engineering Society, of the important
advance of having a uniform radiated power response
as a function of frequency. Stated in other words, if you
put the loudspeaker system in its normal position and
apply a signal of constant level to the system input over
the audio frequency range, the acoustical power radi-
ated as a function of frequency is substantially constant.

To achieve this result it was found necessary to estab-
lish the on-axis free field pressure response characteris-
tic of the individual loudspeakers rising with increasing
frequency. This will be better appreciated when it is
recognized that at low frequencies the response of the
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system is essentially spherical. At higher frequencies the
directional characteristic is more sharply beamed;
therefore, uniform power response requires that the
pressure response of the individual loudspeakers on axis
rise with increasing frequency. Another reason for re-
quiring this increase in response 1s that at low frequen-
cies the individual loudspeakers radiate in phase, and
the total power radiated is proportional to the square of
the sum of the individual pressures. At higher frequen-
cies the radiation from the individual loudspeakers is
incoherent and the total power radiated is proportional
to the sum of the squares of each of the individual pres-
sure responses. The sum of the squares is less than the
square of the sum.

The importance of this discovery can better be appre-
ciated from considering the nature of a musical instru-
ment. Consider a violin. It 1s apparent that the pressure
radiation characteristic of such an irregularly shaped
instrument as a function of frequency is anything but
uniform. Yet, when one listens to a violinist playing, the
general character of the sound does not change when
the violinist plays with the violin oriented differently.
Although the pressure response changes with direction,
the total power radiated does not. These observed re-
sults tend to support the theory of the importance of
having a uniform power response as a function of fre-
quency because the loudspeaker will radiate the same
relative power in each frequency band as the original
instrument.

The BOSE 901 DIRECT/REFLECTING loud-
speaker system achieves these and other advantageous
results with an electronic active equalizer having more
than a hundred components and transistors. The use of
multiple full-range speakers helps eliminate audible
resonances and avoids the disadvantages associated
with woofers, tweeters, and crossovers. However, the
use of so many loudspeakers and components in the
equahizer i1s costly. Still another disadvantage of that
system 1s that 1t must be spaced from the wall and floor
to achieve most satisfactory performance.

Accordingly, it 1s an important object of this inven-
tion to achieve a number of the advantages associated
with the BOSE 901 DIRECT/REFLECTING loud-
speaker system at lower cost.

It is a more specific object of the invention to achieve
the advantages of substantially uniform power response,
satisfactory ratio of reflected-to-direct sound, remark-
able realism, and full stereo spread from a wide range of
listening positions with a loudspeaker system that may
rest on the floor against the wall and be relatively inex-
pensive.

SUMMARY OF THE INVENTION

According to the invention, there are means defining
[ a substantially fluid-tight] a» enclosure having [high
compliance] woofer means supported in front baffle
means. There is means for supporting a source of at least
first and second upper frequency radiated beams, such
as provided by one or more small loudspeakers, on the
top of the enclosure closely adjacent to the front edge
thereof with the axes of each beam forming an angle and
arranged for radiation with rearward components and
oppositely directed sideward components. Addition-
ally, there is means for selectively attenuating upper
frequency radiation towards the front while allowing
transmission of low-frequency radiation therethrough
created by said woofer means.
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Preferably, the distance between the front edge of the
enclosure and the rear edge 1s about 143 inch so that
when the enclosure is placed close to a wall, the upper
frequency radiating means are about a foot from the
wall. Preferably, the upper frequency radiating means
are oriented so that sound reflected from the wall passes
clear of the upper frequency radiating means. A pre-
ferred angle between each upper frequency radiating
means axis and the rear panel is within the range of 30°
to 45°, Preferably, the upper frequency radiating means
and the woofer means receives energy in parallel with
the source of upper frequency radiated beams receiving
energy through a passive network having an attenua-
tion characteristic that increases with decreasing fre-
quency to provide substantially the desired uniform
pOWEr TeSponse.

The woofer, which preferably extends to 1.5 kHz at
least, also functions to provide direct energy to the
listener.

Means such as an electrical network, may be pro-
vided for effecting a dip in the woofer infinite baffle
on-axis pressure response at a predetermined frequency
band above low bass, typically about 200-800 Hz.

Numerous other features, objects and advantages of
the invention will become apparent from the following
specification when read in connection with the accom-
panying drawing in which:

BRIEF DESCRIPTION OF THE DRAWING

FI1G. 1 1s a perspective view of a commercial embodi-
ment of the invention:

FIG. 2 is a side view, partially in section, of the em-
bodiment of FIG. 1 with the side removed;

FIG. 3 1s a top view of the embodiment of FIG. 1
with the top removed;

FIG. 4 1s a schematic circuit diagram illustrating how
the woofers and tweeters may be energized; [and]}

FIGS. SA and 5B show certain frequency response
characteristics helpful in understanding how a dip may
be produced in a frequency range above low bass[.]
and

FIG. 6 is a diagrammatic representation of a loud-
speaker system according to the invention situated in a
room showing how energy from the angled side tweeters is
directed to the side for reflection first from a reflecting
surface and then into the listening area along a path after
reflection that intersects a plane perpendicular to the front
panel and parallel to the side panels.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

With reference now to the drawing, and more partic-
ularly FIGS. 1-3 thereof, there is shown a perspective
view of a commercial embodiment of the invention.
The loudspeaker system 11 includes [an] @ substan-
tially fluid-tight enclosure that is preferably 1.5 cubic
feet having a front panel 12 carrying a front-facing
10-inch woofer 13 behind the gnill cloth 14 that 1s
wrapped around three sides of the system for ornamen-
tal purposes. The top 16 of the enclosure is represented
in broken lines in FIG. 1 and carries left and right
mounting boards 17 and 18 for supporting left and right
small loudspeakers 19 and 20, respectively, pointing to
the left and right, respectively, and located near the

front edge 21 of the enclosure. As best seen in FIG. 3 the 65

left and right small loudspeakers 19 and 20 comprising the
upper frequency drivers, or tweeters, are oriented so that
when the loudspeaker system is normally positioned in a
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room, the system is free of loudspeaker drivers that radiate
high frequency energy directly into the listening area. The
axis of each tweeter is generally parallel to a normally
vertical plane bisecting the angle between the front panel
and a side panel perpendicular to the front panel. A blan-
ket of fiber glass 22 blocks radiation from the rear of
loudspeakers 19 and 20 at a certain range of higher
frequencies, typically above 1.0 kHz, while allowing the
lower frequencies established by woofer 13 to pass
freely and thereby avoid having woofer pressure dis-
place the tweeter diaphragm as may occur with woof-
ers and tweeters separately enclosed.

The top 23 of the system is supported by back panel
24 and two corner posts 28§ and 26. The region above
the top 16 of the enclosure i1s thus acoustically transpar-
ent on the sides for all frequencies and on the front for
low frequencies while optically opaque. At the same
time top 23 may carry a lamp or other object so that the
invention may function not only as a loudspeaker sys-
tem but also as an attractive table.

Back panel 24 is routed for accommodating input
terminals 31 and 32. The electrical network may be
mounted on the plate carrying terminals 31 and 32.
Leads to the woofer 13 and small loudspeakers 19 and
20 are not physically shown in FIGS. 2 and 3. They
may run from the electrical network to the respective
drivers in accordance with the schematic in FIG. 4 with
all three drivers connected in phase. Typically the leads
to the small loudspeakers may pass through a small
opening 1n top 16 that is sealed with a caulking com-
pound, such as Mortite, and connected to one of loud-
speakers 19 and 20 with a pair of jumper wires con-
nected to the other. The upper frequency radiating
means, such as loudspeakers 19 and 20 and the woaofer
means, such as woofer 13, comprise means for radiating

sound energy over a predetermined common range of mid-

dle frequencies, such as between I kHz and 3 kHz, a range

greater than half an octave. Preferably, there is means for

establishing the radiation of more sound energy from the
upper frequency radiating means than from the woofer
means in the predetermined common range of middle

frequencies with the ratio of the energy radiated by the

upper frequency radiating means to that radiated by the
woafer means in the common range being of the order of
2.3:1. In that common frequency range, the difference
between the attenuation imparted by the means coupling
the input terminals to the upper frequency radiating means
and the attenuation imparted by the means coupling the
input terminals to the woofer means is not appreciable, and
the difference between the freguency response of energy
radiated by said woofer means and the frequency response
of energy radiated by said upper frequency radiating
means is not appreciable over a common frequency range.
The means coupling the input terminals to the upper fre-
quency radiating means includes means such as a capacitor

for blocking energy at the lower of the frequencies received

by the woofer means.

Blocks, such as 27, are carried by the underside of top
23 on the sides and front to serve as a convenient means
for attaching the top of the grill cloth panels.

Preferably mounting boards 17 and 18 are centrally
bored to accommodate a bolt screwed to a nut attached
to the supported loudspeaker.

Referring to FI1G. 4, there is shown a schematic cir-
cuit diagram illustrating electrical interconnections.
Input terminals 31 and 32 present nominal impedance of
substantially four ohms. Woofer 13 may be connected
to terminals 31 and 32 through a network comprising
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resistor 36 shunted by inductor 37. One lead of each of
speakers 19 and 20 may be connected to terminal 32.
The other lead of each speaker may be connected to
terminal 31 through a passive network comprising ca-

pacitor 33 in series with the parallel combination of 5

capacitor 34 and resistor 35.

Woofer 13 receives energy at low frequencies while
capacitor 33, typically a 10 microfarad capacitor, blocks
the lower of these frequencies, typically to 1 kHz. At
higher frequencies all three of drivers 13, 19 and 20
receive energy. At still higher frequencies, typically
above 3 kHz, the inductance presented by the voice coil
of woofer 13 appreciably reduces the energy presented
to this speaker. Yet, it receives enough energy in the
middle range of frequencies to radiate a desired small
amount of energy directly to the listener. Typically it
radiates energy of frequencies extending to 3.0 kHz.

At higher frequencies capacitor 34 increasingly by-
passes resistor 35 [os] so that loudspeakers [17] 19
and [18] 20, comprising the upper frequency driver or
radiating means, receive more energy through this net-
work with increasing frequency to provide the desired
uniform power response. Typical values for capacitor
34 and resistor 35 are 2.0 microfarads and 6.2 chms
respectively. | '. |

The network comprising resistor 36 shunted by in-
ductor 37 coacts with woofer voice coil resistance and
inductance to effectively provide a dip in the response
of the woofer at a predetermined frequency range, typi-
cally 200 to 800 HZ, that would otherwise be essentially
flat. The range of inductance 37 is typically one to four
mh and that of resistor 36 2.2 - 8 ohms for a 4-ohm
10-inch woofer. |

FIG. SA graphically illustrates the impedance rela-
tionship producing this dip. Typically, this dip may be
of the order of 3 db as illustrated in the response shown
in FIG. 5B. While the preferred arrangement here
shown uses only two inexpensive components to
achieve this result, it is evident that other approaches
may be used to incorporate this dip, including mechani-
cal techniques in the design of the woofer.

The woofer 13 and RL network formed by resistor 36
and inductor 37 typically have the impedance charac-
teristics indicated. The net effect is to produce an atten-
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uation in the woofer response where the impedance of 45

the RL network is greater than that of the woofer to
produce the dip represented in FIG. 5B.

Woofer 13 may typically be a 10-inch high compli-
ance loudspeaker having an alnico magnet weighing 18
ounces. Tweeters 19 and 20 may typically be 4-inch
speakers with an 8 ohm voice coil. With this choice of
parameter values, the impedance presented at terminals
31 and 32 is substantially 4 ohms. A relatively inexpen-
sive amplifier or receiver may be used to drive the
invention. |

The dimensions of the commercial embodiment of the
invention are 14.5 inches wide by 14.5 inches deep by 24
inches high. Preferably the system is placed against the
wall at least 2 feet from a corner. Two such systems are
used for stereo reproduction as shown in FIG. 6 which
shows how the tweeter 20 closer to any of walls C, D and E
shown about two feet, three feet and four feet, respectively,
from the enclosure, than to wall A radiates energy to the
side for reflection first from a reflecting surface, such as
one or more of walls A-E and then into the listening area
along a path after reflection that intersects a plane perpen-
dicular to front panel 12 and paralle!l to the side panels
including the axis 134 of woofer 13 in the listening area.
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The sound quality of the commercial embodiment more
closely approaches the quality of the sound produced
by the BOSE 901 DIRECT/REFLECTING loud-
speaker system than any other loudspeaker does.

In an actual commercial embodiment of the inven-
tion, excellent performance has been obtained without
resistors 35 and 36, capacitor 34 and inductor 37. One
terminal of drivers 19 and 20 is then connected to capac-
itor 33 directly, and one terminals of driver 13 is con-
nected to terminal 31 directly. Sufficient uniformity of
power response and ratio of energy radiated after re-
flection to energy radiated directly has been achieved to
outperform any known loudspeaker system, except the
BOSE 901 DIRECT/REFLECTING system, costing
up to the price of the latter. Yet, this commercially
available BOSE 501 DIRECT/REFLECTING system
according to the invention sells for just over half the
price of the BOSE 901.

It is evident that those skilled in the art may now
make numerous uses and modifications of and depar-
tures from the specific embodiments described herein
without departing from the invented concept. Conse-
quently, the invention is to be construed as embracing
each and every novel feature and novel combination of
features present in or possessed by the apparatus and
techniques herein disclosed.

What is claimed is:

1. A loudspeaker system comprising,

means defining [ a substantially fluid tight} an enclo-
sure having generally paralle]l back and front pan-
els,

[high compliance] woofer means secured to said
front panel facing outward from said enclosure for
radiating energy directly into a listening area,

a source of at least first and second upper frequency
radiated beams supported on the top of said enclo-
sure outside said enclosure and oriented for radiat-
ing energy having rearward components and oppo-
sitely directed sideward components comprising
first and second loudspeakers respectively facing
rearwards and sidewards to opposite sides,

a pair of input terminals,

-~ means for connecting said woofer means to said input
terminals,

and frequency sensitive passive attenuating means for

- coupling said loudspeakers in phase to said input
terminals for transmitting signals from said input
terminals to said source only above a predeter-
mined low frequency while providing said loud-
speakers more energy as a function of increasing
frequency to coact with said woofer means to es-
tablish for said loudspeaker system a substantially
uniform radiated power response as a function of
frequency when normally positioned in a room
with said back panel adjacent and substantially
parallel to a wall and said front panel facing the
listening area.

2. A loudspeaker system in accordance with claim 1
wherein said woofer means and said source comprise
means for radiating sound energy over a predetermined
common range of middle frequencies,

‘said woofer comprising means for exclusively radiat-
ing sound energy below said common range.

3. A loudspeaker system in accordance with claim 2
and further comprising means for establishing the radia-
tion of more sound energy from said source than from
said woofer means in said predetermined common
range.
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4. A loudspeaker system in accordance with claim 3
wherein the ratio of the energy radiated by said source
to that radiated by said woofer means in said common
frequency range is of the order 2.5:1.

5. A loudspeaker system in accordance with claim 1
wherein said top has front and rear edges near said front
and back panels respectively and further comprising,

acoustical attenuating means between said source and

sald front edge for attenuating upper frequency
energy directed toward the front of said loud-
speaker system from said source while being acous-
tically transparent to low frequency energy radi-
ated by said woofer means.

6. A loudspeaker system in accordance with claim 1
wherein said source comprises first and second small
loudspeakers seated on said top with their axes pointing
in a direction having a rearward component and op-
posed sideward components.

7. A loudspeaker system in accordance with claim 6
wherein the angle between each of said axes and the
plane of said front panel ts within the range of 30°—45°,

8. A loudspeaker system in accordance with claim 7
wherein said top has front and rear edges near said front
and back panels respectively and further comprising fi-
berglass acoustical attenuating means between said
small loudspeakers and said front edge for attenuating
upper frequency energy directed toward the front of
said loudspeaker system from said small loudspeakers
while transmitting low frequency energy produced by
said woofer means.

9. A loudspeaker system in accordance with claim 8
and further comprising a top cover of said loudspeaker
system above said small loudspeakers,

and means for covering the sides of the region be-

tween the latter top and said top of the enclosure
with material that is optically opaque and acousti-
cally transparent.

10. A loudspeaker system in accordance with claim 9
and further comprising front cover posts between the
front corners of said tops and a back plate between the
centers of the back edges of said tops for supporting the
latter top on said top of the enclosure while presenting
a substantially acoustically transparent opening to said
first and second beams. [

11. A loudspeaker system in accordance with claim 1
and further comprising,

frequency sensitive passive attenuating means for

coupling said source to said input terminals while
imparting progressively less attenuation with in-
creasing frequency. |

[ 12. A loudspeaker system in accordance with claim
1 and further comprising,

the parallel combination of an inductor and resistor

between said woofer means and one of said input
terminals for slightly attenuating signals within a
predetermined middle range of frequencies.

13. A loudspeaker system in accordance with claim
12 wherein said predetermined range is substantially
100 to 800 Hz.

14. A loudspeaker system in accordance with claim
12 wherein the value of said inductance is within the
range of 1 to 4 millihenries and that of said resistor is
within the range of 2.2 - 8 ohms and said woofer means
has a nominal impedance of substantially 4 ohms.

15. A loudspeaker system in accordance with claim 1
wherein said source is located closely adjacent to the
front edge of said top.

5

8
16. A loudspeaker system in accordance with claim
[1] /5 wherein said woofer means and said source
comprise means for radiating sound energy over a pre-
determined common range of middle frequencies,
‘said woofer comprising means for exclusively radiat-
ing sound energy below said common range.
17. A loudspeaker system in accordance with claim 1
having only three loudspeaker drivers, one of which is
said woofer means and the second and third of which

10 are said first and second loudspeakers respectively.
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18. A loudspeaker system comprising,

means including woofer means defining [a substan-

tially fluid-tight] an enclosure,

said woofer means being for radiating acoustical en-

ergy to the front directly into the listening area hav-
ing spectral components at least in the low range of
audio frequencies below a predetermined cross-
over frequency,

first and second like upper frequency driver means

with means for attenuating rear radiation there-
from supported upon but outside said enclosure
and having their axes pointing toward opposite
sidewards directions for radiating acoustical en-
ergy having spectral components in the upper
range of audio frequencies above said predeter-
mined crossover frequency toward opposite sides
of said enclosure,

the region to the side of each of said upper frequency

driver means being substantially completely acous-
tically transparent,

said first and second upper frequency driver means

being connected together for cophasally radiating
substantially the same signal,

an input terminal pair for receiving an audio electrical

signal,

and crossover network means for coupling energy

from said input terminal pair with spectral compo-
nents below and above said predetermined cross-
over frequency to said woofer means and the con-
nected-together upper frequency driver means
respectively while substantially blocking spectral
components below said predetermined crossover
frequency from the latter driver means including
means for coupling to said first and second like
upper frequency driver means more energy as a
function of frequency to establish the on-axis pres-
sure response thereof increasing with increasing
frequency to coact with said woofer means to es-
tablish for said loudspeaker systemm a radiated
power response as a function of frequency when
normally positioned in a room that approaches
uniformity more nearly than if said on-axis re-
sponse were substantially uniform.

19. A loudspeaker system in accordance with claim
18 having only three loudspeaker drivers, one of which
1s said woofer means and the second and third of which
are said first and second upper frequency driver means
respectively.

20. A loudspeaker system in accordance with claim
18 wherein said means defining [a substantially fluid-
tight] an enclosure has generally parallel back and
front panels with said woofer means being high compli-
ance and secured to said front panel facing outwardly
from said enclosure whereby said loudspeaker system is
normally positioned in a room with said back panel
adjacent a wall and said front panel facing the listening
area.
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21. A loudspeaker system in accordance with claim
18 wherein said means for coupling comprises a resis-
tively shunted capacitor connected intermediate said
connected together upper frequency driver means and
said input terminal pair.

22. A loudspeaker system comprising,

cabinet means for supporting loudspeaker drivers and

having a front panel perpendicular to side panels,

Jirst loudspeaker driver means supported by said cabinet

on said front panel for radiating sound energy to the
Jront directly into the listening area before reflection
from a reflecting surface over a first frequency range
and having a first polar response,

second loudspeaker driver means supported by said cabi-

net for radiating sound energy to the side for reflection
first from a reflecting surface and then into the listen-
ing area along a path after reflection that intersects a
plane perpendicular to said front panel and paraliel to

said side panels in said listening area over a second *°

Jfrequency range mostly higher than said first fre-
quency range and having a second polar response
different from said first polar response,

the axis of said second loudspeaker driver means being
generally parallel to a normally vertical plane that
bisects the angle between said front and side panels,

an input terminal pair,

and means for intercoupling said input terminal pair
and said first and second loudspeaker driver means
Jor providing spectral components in a common fre-
quency range to said first and second loudspeaker
driver means so that the difference between the fre-
quency response of energy radiated by said first loud-

3

10

23. A loudspeaker system in accordance with claim 22
wherein said common frequency range embraces 1 to 3
kHz.

24. A loudspeaker system in accordance with claim 22
wherein said first loudspeaker driver means supported by
said cabinet for radiating sound energy comprises a woofer
facing the front and said second loudspeaker driver means
supported by said cabinet for radiating sound energy com-
prises tweeter means for radiating sound energy to the rear

10 and side.

15

25

30

speaker driver means and the frequency response of 3>

energy radiated by said second loudspeaker driver
means in said common frequency range is not appre-
ciable,

said means for intercoupling coacting with said first and
second loudspeaker driver means to comprise means
Jor dissimilarly radiating from first and second loca-
tions defined by said first and second loudspeaker
driver means respectively spectral components over
said common frequency range to provide a spatially
diffuse source,

said common frequency range being at least half an
oclave.

40

45

50
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23. A loudspeaker system comprising,

means including front and side panels with woofer
means seated in said front panel for defining an enclo-
sure,

said woofer means being for radiating acoustical energy
to the front directly into the listening area before
reflection from a reflecting surface having spectral
components at least in the low range of audio fre-
quency below a predetermined crossover frequency.

at least one upper frequency driver means having its axis
pointing in a sideward direction at an angle to the axis
of said woafer means for radiating acoustical energy
Jirst upon a reflecting surface and then into the listen-
ing area along a path after reflection that intersects a
plane perpendicular to said front panel and parallel to
said side panels in said listening area having spectral
components in the upper range of audio frequencies
above said predetermined crossover frequency to the
side of said enclosure,

an input terminal pair for receiving an audio electrical
signal,

and crossover network means for coupling energy from
said input terminal pair with spectral components
below and above said predetermined crossover fre-
quency lo said wogfer means and to said upper fre-
quency driver means respectively while substantially
blocking spectral components below said predeter-
mined crossover frequency from the latter driver
means including means for coupling to said upper
Jrequency driver means more energy as a function of
frequency to establish the on-axis pressure response
thereof increasing with increasing frequency to coact
with said woofer means to establish for said loud-
speaker system a radiated power response as a func-
tion of frequency when normally positioned in a room
that is substantially uniform over nearly the entire

range of audible frequencies.
¥ . > %
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